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Transferrin,  the  iron-binding  flrglobulin  of  serum,  exhibits  an  extensive 
genetically determined polymorphism in human and  animal populations.  At 
the present time sixteen different molecular species of human transferrin have 
been described (1-3); each of these transferrins has been identified by its mo- 
bility in  starch gel electrophoresis and each appears to be determined by an 
allele  at the transferrin gene locus.  All of the alleles  axe  rare except that for 
transferrin C, which occurs in high frequency in all populations. Transferrin D,, 
a  slower migrating variant, is found with a  gene frequency of approximately 
6 per cent in Negro populations. 
In addition  to  the  hereditary  variations  of transferrin  in  adult  serum,  a 
previous study (4) demonstrated the occurrence of multiple faint iron-binding 
components in umbilical cord serum from newborn infants and in cerebrospinal 
fluid.  The presence of these  additional  transferrins  was related  to  the  sialic 
acid content of the transferrin molecule. In the present study the transferrin 
pattern has been investigated in a  large number of sera from premature and 
normal infants. Evidence is presented that the faint components of infant sera 
differ from adult transferrin by more than the absence of sialic  acid residues. 
A similar result is obtained for the transferrins of cerebrospinal fluid. 
Materials and Metkods 
Samples.--Cord serum was obtained at delivery from 238 newborn infants. 126 serum 
samples were also obtained from premature infants; 14 of these sera were obtained at autopsy 
and the remaining 112 were obtained from viable infants. For 28 infants, samples were avail- 
able at several stages of growth. The distribution of serum samples according to the weight of 
the infant is illustrated in Fig. 1. In addition, 28 serum samples from 10 premature infants at 
various periods of growth were kindly provided by Dr. Margaret L. Williams, Philadelphia 
General Hospital. Cerebrospinal fluid (CSF) was obtained from a Negro patient of serum 
transferrin phenotype CD1. The sample was concentrated 200-fold by vacuum dialysis in a 
heavy membrane sac (Membranfilter Gesellschaft, G6ttingen, Germany). 
* Aided in part by a grant from The National Foundation. 
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Eleetrophoresis.--Vertical  starch gel electrophoresis was  carried out in the borate buffer 
system of Smithies (5). Prior to electrophoresis, radioactive iron as Fe  59 citrate was added to 
each sample. Samples of cerebrospinal fluid were incubated 6 to 12 hours to permit exchange 
between labeled iron and transferrin-botmd iron. Electrophoresis was carried out under high 
voltage conditions (20 v/era, 4 hours, 4°C, reference 1). To facilitate heat exchange  I the gel 
surface was covered with cellophane film (saran wrap)  instead of petroleum jelly, and fans 
were used to cool the surface during electrophoresis. After electrophoresis, the gel was sliced 
into three layers; transferrin was determined by autoradiography (6) from the middle layer. 
The bottom slice was stained for haptoglobin with the benzidine reagent, and the top slice was 
stained for protein with amidoblack. The high voltage conditions of electrophoresis provided 
the most satisfactory resolution of the faint cord serum transferrins (cf. Figs. 2 and 3); how- 
ever, these components could also be demonstrated under conventional conditions of electro- 
phoresis (5 v/cm, 16 hours, 20°C.; el. Fig. 4). 
RESULTS 
Cord Sera.--In  221 of the 238 samples of cord sera, a characteristic stepwise 
pattern of iron-binding  components was observed (Figs.  2 and 3).  In 218  of 
these samples,  the pattern consisted of a  single prominent iron-binding com- 
ponent which migrated in the position of adult transferrin  C  and which was 
accompanied by four faint, slower moving components (bands 3 to 0). Bands 
2,  1, and 0 were of approximately equal intensity, and band 3 was of slightly 
greater  intensity.  It  was  not  possible  to  quantitate  accurately  the  relative 
proportions  of  the  iron-binding  components.  However,  densitometry  of  the 
exposed autoradiograph and radioactivity measurements on 1.7 mm segments 
of the starch gel strip indicated that bands 2 to 0 contained less than 1 per cent 
of the radioactive iron. Bands 2 to 0 were not visible in the amidoblack stain 
of the gel, and a  25-fold variation in the amount of added  Fe  69  produced no 
detectable alteration in the relative proportions of the faint and heavy  com- 
ponents. 
In the remaining 3 sera an additional faint, slower moving component was 
observed which was present in reduced intensity (Fig. 2); under conditions of 
shorter exposure of the autoradiograph, these sera revealed two prominent iron- 
binding components corresponding to the transferrin phenotype COx of adult 
serum. The additional component was not present in the other cord samples, 
which were all of transferrin phenotype CC. 
In 22 of these 221 cases, it was possible to obtain sera from both the mother 
and the infant. For equivalent exposure times of the autoradiograph, no faint 
components in the positions of bands 2,  1, or 0 could be observed in the ma- 
ternal sera or in the numerous adult  sera which have been examined in  this 
laboratory. However, with greatly increased exposure times,  these faint com- 
ponents have occasionally been observed in certain adult sera. In addition, as 
described previously (1), a faint, slower moving component which migrates in 
the position of band  3  is observed regularly in adult  sera.  Its intensity cor- 
responds to that of band 3 in cord sera (cf. Fig. 3). I 
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In 12 of the remaining 15 of the 236 cord sera, the faint slow migrating  com- 
ponents  were  present  in  greatly  reduced  proportion  and  were  detected  only 
with difficulty. In 3  samples the faint components  could not be detected. 
FIG. 2.  Multiple transferrins in cord  serum. Examination of 9 samples of cord  serum  by 
autoradiography after vertical gel electrophoresis under high voltage conditions.  The  trans- 
ferrin phenotype of each sample is given at the bottom. The intensely exposed transferrin C 
component  in each sample has migrated  approximately 4 inches from the origin. 
Premature Infant  Sera.--In  127  of  the  total  of  154  sera  from  premature 
infants  examined at various  stages of development,  the  faint,  slower moving 
iron-binding  components  could  be  clearly  demonstrated.  Samples  from  10 
infants were of transferrin phenotype CD1,  and contained the additional faint, 
iron-binding  component  described  above  for  cord  serum  of  phenotype  CD1. 
In 9  of the  14  sera obtained at autopsy, a  prominent iron-binding component W.  C.  PARKER,  J.  W.  C.  HAGSTROM,  AND  A.  G.  BEARN  979 
was observed which  migrated in the position of band  1  (cf.  reference 3).  This 
component was frequently blurred and probably represented partial denatura- 
tion of transferrin C. In some cases, a  prominent transferrin C  component was 
also present.  No  component  in  the position of band 0  could be detected, but 
faint, iron-binding components in the position of bands 2 and 3 were observed 
in  the  autopsy specimens.  In an  attempt  to  demonstrate  the  presence  of de- 
gradative enzymes in the autopsy material, aliquots of three of the samples were 
FIG. 3.  Stepwise  patterns of cord  serum  and  neuraminidase-treated adult  serum.  High 
voltage conditions of starch gel electrophoresis. 0.1 ml adult serum (NHS) incubated 16 hours 
with enzyme.  0,  20,  50,  100, 200: relative concentrations  of neuraminidase.  0.1  ml  of  the 
neuraminidase  preparation is equivalent to a  relative concentration  of 100. The amount of 
radioactive iron added to each sample of adult serum was adjusted to avoid intense exposure 
of the film. Note the slightly faster mobility of band 0 in cord serum as compared to enzyme- 
treated adult serum. 
incubated  with  equal amounts  of adult serum of transferrin phenotype D1D1. 
The marker D1 transferrin remained unaltered in each case. 
A  pooled sample of 300  ml urine was collected from  three infants  (weights 
1660,  2220,  and  2280  gin,  respectively)  and  concentrated  to  1  ml  by  ultra- 
filtration.  A  prominent  transferrin  C  component  was  present  in  the  urine 
sample, and no increase in the proportion of the faint components was observed 
as compared  to cord serum. 
There were 38 premature infants from whom samples of serum were obtained 
at more than one stage of development. In 28 infants, ranging in weight from 
820  to  2570 gin, no definite alteration in  the pattern of faint components was 980  CARBOHYDRATE  PROSTHETIC  GROUPS 
observed, even though, in the case of 2 infants (twins of transferrin phenotype 
CD1) the sampling period covered almost this entire weight range (820 to 2480 
gm). However, these weights are considerably below the normal birth weight 
of approximately 3500 gm (7). In the samples from The Philadelphia General 
Hospital, it was possible in 8 of 10 infants to observe a qualitative decrease in 
intensity of the faint components with increasing age of the infant, so that by 
approximately  12  weeks  after  birth,  the  faint  components  had  disappeared 
from the  serum and  the normal adult  transferrin pattern had become estab- 
lished. 
Haptoglobin Pattern.--20 of 208 cord sera revealed a detectable haptoglobin 
pattern with the benzidine stain. These were classified  as: 7 Hp 1-1, 9 Hp 2-1, 
and 4 Hp 2-2. The classification of the Hp  1-1 phenotype was considered un- 
reliable in some cases, since under the buffer conditions employed, the Hp 1-1 
component was difficult to distinguish from the fetal hemoglobin band Hb F. 
24 of 110 samples of premature infant sera could be classified  for haptoglobin 
type and consisted of 10 Hp 1-1 and 14 Hp 2-1. In 5 infants who initially dem- 
onstrated no haptoglobin pattern, samples obtained at later stages of develop- 
ment revealed a distinct pattern. The earliest demonstrable non-Hp 1-1 pattern 
in this series was observed in serum from a  1600 gm infant.  In the previous 
study  (4),  haptoglobin  synthesis  was  demonstrated  as  early as  28  weeks  of 
gestation, which corresponds (7) to a weight of approximately 1000 gm. Evi- 
dence that  Hp  1-1  patterns may be confused with  fetal hemoglobin was  in- 
dicated by the occasional disappearance of a tentative Hp 1-1 pattern in sub- 
sequent samples from the same infant. 
Effect of Neuraminidase.--Becanse  of the similarity (4) between the stepwise 
pattern of neuraminidase-treated adult serum and the faint iron-binding com- 
ponents  of premature and  cord serum,  it  was  of interest  to  make a  critical 
comparison of these patterns.  When samples of cord serum and  adult serum 
incubated with various concentrations of neuraminidase were examined under 
conventional conditions of electrophoresis in adjacent slots of the starch gel it 
appeared  that  the  individual  components of  the  cord  serum  coincided with 
those  of  the  enzyme-treated adult  serum  (4).  However, under  high  voltage 
conditions of electrophoresis, the  slower moving stepwise components (bands 
2  to 0) of cord serum migrated slightly more rapidly  than  the corresponding 
components of neuraminidase-treated adult serum (Fig. 2). This observation is 
shown most clearly by comparison of the slowest moving component of each 
sample (band 0 in the 6 right-hand samples of Fig. 2). Dialysis of these samples 
against the gel buffer produced no alteration in the pattern. Incubation of the 
cord serum with large concentrations of neuraminidase reduced all of the trans- 
ferrins to the position of band 0, and no slower moving iron-binding components 
could be detected. Neuraminidase is known to cleave specifically the glycosidic 
bond joining sialic acid to a protein molecule (8). Previous studies (9, 4) have 
demonstrated that  the characteristic pattern produced by the action of neur- W.  C.  PARKER~  J.  W.  C.  HAGSTROM~  AND  A.  G.  BEARN  981 
aminidase on  transferrin reflects the  stepwise removal of  sialic acid from  the 
molecule. Although the faint components of the cord sera appear to differ from 
transferrin  C  at  least in  sialic acid content,  the  slight differences in mobility 
between the cord components and their counterparts in enzyme-treated adult 
Fro. 4.  Transferrin variants in serum  (NHS)  and cerebrospinal  fluid of an individual of 
transferrin phenotype CD1. Conventional  conditions  of starch gel electrophoresis.  Note the 
slightly faster mobility of the slow-moving components of the cerebrospinal fluid as compared 
to the corresponding  neuraminidase  (NASE)-treated components  of serum.  Neuraminidase- 
treated serum of transferrin phenotype CC is also included. 
serum  suggest  that  these  minor  transferrins  of  cord  serum  differ from  adult 
transferrin C  by more than the absence of sialic acid residues alone. 
Cerebrospinal Fluid.--Examination  of concentrated cerebrospinal fluid from 
a  Negro heterozygous for  the  serum  transferrins  C  and  D1  revealed a  starch 
gel pattern  of  four  principal iron-binding components  (Fig. 4);  two  of  these 
components coincided in mobility with  transferrins  C  and D1 in  the serum of 982  CARBOHYDRATE  PROSTHETIC  GROUPS 
the individual, and the other two appeared to coincide with transferrins C and 
D1 after complete removal of sialic acid from the molecule by neuraminidase. 
However, a comparison of both the cerebrospinal fluid and the enzyme-treated 
serum of the individual indicated that the two slow moving components in the 
CSF  migrated  slightly,  but  distinctly,  more  rapidly  than  the  corresponding 
serum transferrins after the removal of sialic acid. These differences in mobility 
were not observed for the fast moving components in  CSF.  As in  the  case of 
the  cord transferrins,  the results suggest that  the slow moving transferrins  of 
CSF may differ from their  serum counterparts  by more  than  the  absence of 
sialic acid. 
DISCUSSION 
Recent  studies  on  the  composition  and  linkage  of  carbohydrate  units  in 
glycoproteins have shown that sugar residues,  particularly sialic acid, hexose, 
and hexosamine, tend to be associated in prosthetic groups which are attached 
as a unit at various positions along the polypeptide chain. In ovine submaxillary 
gland mucoprotein (10), 40 per cent of the mucoprotein is composed of carbo- 
hydrate prosthetic groups consisting of a  terminal sialic acid residue linked to 
N-acetylgalactosamine. Approximately 80 per cent of these disaccharide pros- 
thetic groups are involved in glycosidic ester linkages  to  the  carboxyl groups 
of aspartic acid and glutamic acid residues; the remainder appear to be bound 
by 0-glycosidic linkages to serine or threonine residues.  In studies on a  glyco- 
peptide fraction from ovalbumin, Nuenke and Cunningham (11) have presented 
evidence that the oligosaccharide unit,  which may be heterogeneous,  contains 
approximately five residues  of mannose and  three residues of N-acetylglucos- 
amine, with a  linkage between  the glucosamine residue and  the carboxyl group 
of an  aspartic acid  residue.  The  sequence  of monosaccharide residues  in  the 
carbohydrate groups of fetuin, an o~i glycoprotein of fetal calf serum, has been 
investigated by Spiro  (12).  Fetuin  contains  three very similar polysaccharide 
units of molecular weight approximately 3500,  each of which appears to contain 
a  branched structure of four oligosaccharide chains in  the  sequence:  terminal 
sialic  acid-galactose-N-acetylhexosamine.  In  turn  these  chains  are  linked  to 
three  mannose  residues  and  to  two  additional  X-acetylhexosamine  residues, 
which  form the  internal  portion  of the  branched  structure.  The  amino acids 
to which  the carbohydrate units are linked have not been determined.  In the 
al  acid  glycoprotein of human  serum  (orosomucoid),  Evlar  and Jeanloz  (13) 
have proposed  the  existence  of polysaccharide units  possessing a  total  of  16 
branches  with  the  sequence:  terminal  sialic  acid-galactose-X-acetylglucosa- 
mine  (which  is  the  same sequence observed in  the  branched  chains  of fetuin 
and  which  is  also  the  carbohydrate composition observed by Jourdian  et al. 
(14)  in their isolation of a  UDP-glucosamine-galactose-sialic acid-sugar nucleo- 
tide).  In addition,  the ozl acid glycoprotein has two branches in  which  fucose W.  C.  PARKER,  J.  W.  C.  ttAGSTROM,  AND  A.  G.  BEARN  983 
replaces sialic acid.  As in fetuin, the branched chains of the glycoprotein are 
linked  to an internal  core of mannose and N-acetylhexosamine residues.  By 
enzymatic digestion of the protein, Eylar (15) has isolated glycopeptides with a 
molecular weight of approximately  1800 which  contain  8  sugar  residues; he 
has proposed a linkage between the amido group of asparagine and an N-acetyl- 
hexosamine residue of the carbohydrate unit.  In human T-globulin,  Rosevear 
and Smith (16) have postulated a single carbohydrate prosthetic group linked 
to an aspartic acid residue; the polysaccharide contains 8 residues of N-acetyl- 
glucosamine,  5  of mannose,  3  of galactose,  2 of fucose, and  1 of sialic  acid. 
However, in their preparation these authors were able to distinguish 3 different 
glycopeptides which varied slightly in amino acid and carbohydrate composi- 
tion,  so that  the existence of multiple prosthetic groups cannot be excluded. 
Subsequent studies (17) have shown that the ]~nkage to aspartic acid in one of 
the glycopeptide preparations is through a glucosamine  residue. 
In studies on the enzymatic digestion of transferrin,  Jamieson (18) has iso- 
lated a glycopeptide of molecular weight 1300 which is homogeneous by paper 
electrophoresis  and paper chromatography.  On the basis of the carbohydrate 
composition of transferrin  reported by Schultze  et  al.  (19),  he has suggested 
that the oligosaccharide  prosthetic groups of transferrin  exist in four chains, 
each containing 2 residues of hexosamine,  2 of galactose, 1 of mannose, and 1 
of sialic acid. 
Transferrin  in  Cord  Serum.--The  results  of  these  structural  studies  on 
glycoproteins,  together  with  the  isolation  of  the  UDP-sugar  nucleotide  by 
Jourdian  et  al.  (14),  suggest  that  the  biosynthesis of sialic  acid-containing 
carbohydrate prosthetic groups in glycoproteins may proceed by the unit ad- 
dition of prefabricated multimembered carbohydrate chains to the polypeptide 
core.  In the previous study (4) it was shown that purified transferrin from a 
cynomolgus monkey, which  contained  half  the  human  complement of sialic 
acid  accessible  to  the  enzyme neuraminidase,  also contained  approximately 
half the human amount of glucosamine. 
The  transferrin  patterns  obtained in untreated  cord serum in  the present 
study suggest that  the faint cord components in the 3,  2,  1, and 0 positions 
differ in sialic acid content from adult transferrin C. The experiments on infants 
of transferrin  phenotype CD1 indicate that  4  faint  cord components are as- 
sociated  with  each  principal  adult  transferrin.  The  observed  differences  in 
electrophoretic mobility between the cord components and the corresponding 
components of neuraminidase-treated  adult serum suggest, however, that the 
biochemical alteration  in  the  multiple  cord  transferrins  involves more  than 
merely the  absence of sialic  acid from  the  fetal  transferrin  molecules.  It  is 
unlikely  that  the  faint  cord  components result  from  neuraminidase-like  en- 
zymatic degradation  of transferrin  in fetal serum,  since  the observed pattern 
differs  considerably from the characteristic  stepwise pattern obtained by the 984  CARBOHYDRATE  PROSTHETIC  GROUPS 
action of neuraminidase (cf.  Fig. 2, where, for example, it is seen that bands 
4 and 0 are not observed simultaneously in enzyme-treated adult serum). 
The  studies  on  the premature  infants indicate that  the  faint transferrin 
components disappear from the serum of the infant within approximately 12 
weeks of birth,  although traces  of these components have occasionally been 
observed  in adult serum.  Various authors have  described  alterations in the 
transferrin pattern during development. Wise et al.  (20) have observed a  dis- 
appearance of the slowest moving of 4 fetal rat transferrins after birth, and 
Pantelouris and Hale (21) have described increases in transferrin concentration 
during development of the mouse. 
The experiments on cord serum support the previous interpretation (4) that 
in the newborn infant there is a deficiency in an enzyme mechanism responsible 
for the addition of sialic acid-containing carbohydrate prosthetic groups  to 
the transferrin molecule, so that at birth not all of the molecules of transferrin 
receive their full complement of prosthetic groups. These results suggest that 
there may be an asynchrony in the normal biosynthesis of transferrin, according 
to which the carbohydrate prosthetic groups are attached to the molecule at a 
later stage than the synthesis of the polypeptide chain. Examination of sera 
from premature infants and a  small number of fetuses at periods of gestation 
as early as 17 weeks revealed patterns similar to those present in cord sera from 
full-term infants. The transferrin pattern therefore appears to be constant and 
characteristic of the fetal environment over this period of growth. The absence 
of carbohydrate prosthetic groups  could produce  the observed  difference in 
electrophoretic mobility (Fig. 2) either by reducing the size of the transferrin 
molecule or by altering the expression of charge on the molecule, so that it could 
pass through the starch gel interstices more easily than a corresponding trans- 
ferrin molecule from which only sialic acid residues had been removed. 
Transferrin in Cerebrospinal Fluid.--Although  the early paper electrophoresis 
studies  of Wallenius  (22)  indicated  that  the protein  components of human 
serum and cerebrospinal fluid were generally similar, the presence in normal 
CSF of proteins that are not found in serum has been suggested by various 
authors. The identification of the ¢  (23) or r  (24) component as a  transferrin 
(25-27) related by the neuraminidase effect (28, 4) to normal serum transferrin 
has been described in the previous study (4).  Lowenthal et al.  (29) have ob- 
served  several  apparently specific  gamma globulin components  in  CSF.  In 
addition Clausen (30) has reported specific beta and gamma globulins by im- 
mun~electrophoresis  with  anti-CSF  serum,  and  Pert  and  Kutt  (31)  have 
observed unusual starch gel patterns in the gamma globulin and prealbumin 
regions in samples of CSF from patients with various pathological conditions. 
However,  Hochwald  and  Thorbecke  (32)  have  suggested  that  apparently 
specific CSF proteins may also be present in serum and other body fluids. Thus, 
at the present time there is no conclusive evidence for the occurrence of pro- 
teins specific  to the  CSF. W.  C.  PARKER,  J.  w.  C.  HAGSTROM,  AND  A.  G.  BEARN  985 
The previous study (4) demonstrated, in support of the conclusions of Pette 
and Stupp (28), that the transferrin of CSF exists in two principal components; 
one of these contains the full serum complement of four sialic acid residues per 
molecule, and  the  other contains no sialic acid accessible  to  neuraminidase. 
The present study adds further confirmation to these results by revealing the 
presence of four principal transferrins in the CSF of an individual heterozygous 
for the transferrins C and D1,  ~ogether with two slower moving transferrins 
which correspond to transferrins C and D1 devoid of sialic acid. 
There is no clear explanation for the occurrence of the slower migrating trans- 
ferrins within the cerebrospinal fluid. Morgan and Laurell (33)  have recently 
presented suggestive evidence for the existence of neuraminidase in brain tissue. 
However, the presence of neuraminidase cannot explain the pattern of trans- 
ferrin within the cerebrospinal fluid, since the electrophoretic mobilities of the 
slower migrating CSF components do not coincide with those of their neur- 
aminidase-treated serum  counterparts.  As  in  the  case of the  multiple com- 
ponents in cord serum, the electrophoretic difference is in the direction to be 
expected if the slower moving CSF transferrin molecules are slightly smaller 
than the corresponding serum components and can therefore pass more easily 
through the starch gel structure; such an effect would be consistent with the 
absence of carbohydrate prosthetic groups on the slower moving CSF trans- 
ferrins. 
If the  transferrin pattern in cerebrospinal fluid is  the result of enzymatic 
activity, such activity probably reflects the presence of a different degradative 
enzyme, such as a galactosidase or a glucosaminidase, and not a neuraminidase. 
However,  the presence  of such enzymes in cerebrospinal fluid cannot easily 
explain the multiple transferrins of CSF, since a stepwise effect has been uni- 
formly observed  for  neuraminidase-treated serum  transferrin,  and  a  similar 
effect would be expected for other glycolytic enzymes. As discussed in regard 
to cord serum, bands 4 and 0 have never been observed simultaneously after 
neuraminidase treatment of serum. In addition, prolonged incubation of CSF 
has given no indication of enzyme activity. Preliminary experiments on cellular 
extracts of the choroid plexus have provided no evidence for degradation of 
transferrin or other serum proteins in their passage through this barrier into 
the cerebrospinal fluid. An alternative explanation for the observed starch gel 
pattern is the removal of carbohydrate prosthetic groups from transferrin by 
contact with enzymes in the central nervous system, followed by the return 
of the stripped transferrin to the cerebrospinal fluid; however, in this case the 
effect would necessarily be highly specific  for the transferrin molecule, since 
both  haptoglobin and  ceruloplasmin in  cerebrospinal  fluid fail to  show  the 
characteristic reduction in electrophorefic mobility which has been shown (4) 
to take place in their serum counterparts after neuraminidase treatment. 
At  the  present  time  the  possibility cannot  be  completely excluded  that 
transferrin band 4  enters  the cerebrospinal fluid from the plasma, and that 986  CARBOHYDRATE  PROSTHETIC  GROUPS 
band 0 represents a protein synthesized within the environment of the central 
nervous system. However, the synthesis of serum proteins within the central 
nervous system has not yet been demonstrated. Under the conditions of their 
experiments, Hochwald eta/. (34) could find no incorporation of labeled amino 
acids into mouse serum proteins by brain tissue. On the other hand, in experi- 
ments with labeled gamma globulin,  Frick and Scheid-Seydel  (35)  obtained 
evidence which  suggested that in certain in~ammatory diseases as much as 
90 per cent of the total CSF gamma globulin may be synthesized within the 
region of the central nervous system. This synthesis was attributed to an im- 
munological response, and the meninges and brain substance were suggested 
as possible sites of the synthesis. 
Studies on the transferrin-conalbumin system in domestic fowl lend support 
to the suggestion that iron-binding proteins may be synthesized in more than 
one tissue and that the transferrin gene may determine the synthesis of different 
forms of the protein in different tissues. Thus, a heterogeneous population of 
iron-binding proteins similar to that observed between serum and cerebrospinal 
fluid in man has been described in the chicken (36).  The transferrin of hen's 
serum and the conalbumin of egg white are similar in immunological properties 
and amino acid composition; both proteins give similar patterns after digestion 
with  trypsin and  chromotrypsin and  both  have  alanine  as  the  N-terminal 
amino acid. Genetic polymorphism observed in transferrin in the serum of the 
chicken is reflected in a corresponding polymorphism of conalbumin in the egg 
white (37).  Genetic variation in avian serum transferrin has also been demon- 
strated  by Mueller  et  al.  (38).  Incubation with neuraminidase produced no 
effect on conalbumin, as determined by starch gel electrophoresis  (36);  how- 
ever,  the enzyme reduced the mobility of the chicken serum transferrin in a 
stepwise pattern of two slower moving components to a position corresponding 
in mobility to that of conalbumin. A similar effect of the enzyme has been ob- 
served in the present study. On the basis of these results,  Williams (36)  has 
suggested that transferrin and conalbumin may differ only in the sialic acid- 
containing carbohydrate prosthetic groups on the molecule. The same author 
has also observed the incorporation of labeled amino acids into conalbumin by 
minced oviduct (36)  and has suggested that the transferrin gene in the fowl 
determines  the  synthesis of both  transferrin  (in  the  liver)  and  conalbumin 
(in the oviduct). 
Although the results of the present study are compatible with the suggestion 
that the transferrins of serum and cerebrospinal fluid in man may correspond 
to the system of iron-binding proteins described in the chicken, it is not possible 
at the present time to determine whether the CSF-specific transferrins represent 
natural or degraded products. Further studies will be required in order to as- 
certain more precisely the origin of the slow moving transferrins of cerebro- 
spinal fluid in man. W.  C.  PARKER, J.  W.  C.  HAGSTROM, AND A.  G.  BEARN  987 
SLrMI~ARY 
Serum transferrins have been examined in 392 samples from full-term infants 
and  from premature infants  at  various stages  of growth.  The  characteristic 
transferrin  pattern  of  the  infants  by  starch  gel  electrophoresis  contained  a 
single prominent iron-binding component accompanied by 4  faint,  slower mi- 
grating components. An additional faint component was present in the sera of 
infants heterozygous for a  transferrin variant. The faint components migrated 
slightly more rapidly than the corresponding components in the stepwise pat- 
tern  produced  by the  action  of neuraminidase  in  removing sialic  acid  from 
transferrin.  The interpretation is presented  that the  faint  components  may 
represent  the  absence  of  multi-unit  carbohydrate  prosthetic  groups  on  the 
transferrin  molecule in the  infant.  A similar interpretation is possible for the 
slow migrating transferrins of cerebrospinal fluid. 
We wish to thank  Dr. James G. Hirsch and Dr. Russell W. Schaedler, The Rockefeller 
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